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Soursop leaves (Annona muricata L.) chloroform extract has an anticancer agent that can be 
developed for traditional medicine preparation, even though the extract's solubility is low in the 
water. This study aims to generate new soursop leaves chloroform extract in the Self-Nano 
Emulsifying Drug Delivery System (SNEDDS). The expected result is that the solubility increases 
so that the drug delivery system is more effective. The extraction process of soursop leaves uses the 
percolation method with chloroform as a solvent. It used tween 80 and cremophore E.L. as 
surfactant, propylene glycol as a cosurfactant, and candlenut oil as a carrier, to make the SNEDDS 
formulation. Then performed a comparison between the optimal parameters for the physical 
properties of the SNEDDS formulation with the predictive Simplex Lattice Design (SLD) 
formulation with the students' t-test statistical analysis [p> 0.05]. Then carried out several tests such 
as loading dosage extractability, accelerated stability test, particle size, and zeta potential. 
Furthermore, the antioxidant test was carried out using the DPPH reagent. The optimum 
composition of candlenut oil, propylene glycol, a mixture of tween 80, and cremophor E.L. based 
on SLD is 12%: 22%: 66%, respectively. The SNEDDS optimum formulation for chloroform 
extract of soursop leaves produces a stable nanoemulsion, homogenous. It has a transmittance value 
of 90.58% ± 0.151, emulsification time of 59.44 ± 1.763 seconds, and a value of separation phase 
1. The physical formulation test results showed no significant difference between observations with 
predictive design expert software. SNEDDS can produce 25.0 mg of soursop chloroform extract 
with particle size 411.4 nm, polydispersion index 0.482, and zeta potential 34.2 mV. IC50 value in 
36.28 ppm indicated the antioxidant potential of the SNEDDS formulation for chloroform extract 
of soursop leaves is high. 
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Soursop leaves (Annona muricata L.) is a member of Annonaceae family. It contains 
acetogenin compounds, an anticancer, anticonvulsant, anti-arthritis antiparasitic, antimalarial, 
hepatoprotective, and antidiabetic activity (Moghadamtousi et al., 2015). Chloroform extract of 
soursop leaves can reduce ATP production and induce apoptosis of cancer cells as an inhibitory 
mechanism of the mitochondrial complex (An et al., 2016). However, soursop leaves chloroform 
extract solubility was low on polar media. This study aims to develop new soursop leaves 
chloroform extract in SNEDDS, bringing nanoparticle systems to increase drug absorption and 
bioavailability in the body. It is also to measure the antioxidant activity of SNEDDS preparations. 
The testing process uses DPPH reagent toward the optimal SNEDDS formulation for soursop 
leaves. This method is simple, fast, and easy to filter out radical scavenger activity (Pratiwi et al., 
2014). 
To reached mathematical data preparation and interpretation, the composition of SNEDDS 
system's formulations was optimized. The D-optimal method was used to evaluate several variables 
to reduce the number of trials. SNEDDS can spontaneously form nanoemulsions when they 
encounter the water phase through light agitation in the stomach due to its mixture of oil, 
surfactant, and co-surfactant (Makadia et al., 2013).  Small particles of the active substance can 
significantly increase the surface area, which increases the level of solubility, dissolution rate, and 
absorption of active substances in the body (Lovelyn and Attama, 2011). Increasing the distribution 
of drugs to the target is done directly because the nanoemulsion can permeate between cells 
(Martien et al., 2012). Nanoparticles have a size of below 1 micrometer and enter cells under 1 
micrometer in size (Desmiaty et al., 2015). The suitable oil for the SNEDDS formulation is an oil 
with a high-medium chain fatty acid content (Goyal et al., 2012). The fatty oil from candlenut seeds 
contains unsaturated fatty acids with oleic acid levels 10.54%, linoleic acid 48.56%, linolenic acid 
28.5%, and saturated fatty acids 12.56% (Arlene, 2013). The constituent components are mostly 
linoleic acid, which is a long-chain carbon bond. The fatty acids in candlenut oil are long-chain 
triglycerides (> 12 carbon). Oil with long-chain triglycerides has better hydrophobic drug 
solubilization ability (Carmona et al., 2015). 
Therefore, candlenut oil is suitable for use as a carrier oil in nanoemulsion preparations. Still, 
the optimum composition of oil, surfactant, and cosurfactant has not existed before, so it needs to 
be optimized. Optimization is an experimental method or design to facilitate the mathematical 
arrangement and interpretation of data. The D-Optimal method is used to determine the formulation 
given the limitations used in each ingredient component. Many types of designs can be used, such 
as Simplex Lattice Design (SLD) and D-Optimal, to optimize the formulation. D-Optimal is a 
method to minimize the coefficient regression prediction's overall variant by maximizing the 
information matrix's determinant value (Zen et al., 2015). This study uses the D-Optimal mixed 
design method and the State Ease Dx 9 Trial Expert Design software (Maharani, 2016).  This 
multivariate statistical method has the advantage of being able to evaluate several variables to 
lower the number of trials. Another benefit is that it can identify interactions statistically, such as 
the composition of different oils or fatty acids, to produce optimal formulations with intended 
characteristics (Borhan et al., 2014). 
 
MATERIALS AND METHODS 
Materials 
This study used the 4th to 10th leaves from the tip of the twig (Tawangmangu, 
Karanganyar); chloroform pro analytic (Merck); TLC plate (silica gel 60 GF254 Merck), ethyl 
acetate, methanol, N-hexane pro analytic, candlenut oil (Cahaya Naturals), cremophor E.L. 
(Merck), tween 80 (Bratachem), propylene glycol (Bratachem), NaCl (Merck), HCl (Merck). The 
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tools use are  UV-Vis Spectrophotometer (Thermo Scientific), glassware (Pyrex), rotary evaporator 




Preparation of chloroform extract of soursop leaves  (Annona muricata L.)  
After being selected from the tree, fresh soursop leaves has been washed and sorted. Then,  it 
has been mashed using a blender to obtain soursop leaf powder. The percolation method used 1 
liter of chloroform solvent at room temperature to wet 100 grams of soursop leaves powder. This 
process takes 24 hours. Then drain the new solvent and keep it tightly closed to get the percolation 
results through the percolator tap. The percolated liquid extract was evaporated with a solvent to 
get a thick result, using a rotary evaporator and a waterbath. 
 
Preparation of self nano emulsifying drug delivery system (SNEDDS) 
         The formulation was optimized using Design-Expert software and obtained 16 formulations 
with candlenut oil, surfactant, and cosurfactant compositions. The surfactant used was a 
combination of cremophor E.L. and Tween 80 (15%: 85%). The variable responses listed are the 
percent transmittance value, the emulsification time on the AGF media, and the separation phase 
value. Adding little by little 100 mg, 50 mg, and 25 mg soursop leaves extract to the formulation 
was done to get SNEDDS dosage. After that, the mixture was sonicated for 10 minutes and 
incubated at 45
o
C for 15 minutes. Then the homogenity of the nanoemulsion was under monitored. 
The formulation can liquidate all extracts entirely then be used as a loading dose (Savale, 2015). 
 
Characterization of Self Nano Emulsifying Drug Delivery System (SNEDDS) 
Measurement of transmittance value (% T) 
A 1 mL SNEDDS was diluted in distilled water then measured by UV-Vis 
Spectrophotometer at wavelength of 650 nm. 
Observation of Emulsification Time 
The emulsification time was done on SNEDDS soursop leaves extract in an artificial gastric 
fluid (AGF) medium. Each 1 Liter AGF medium contains 2 grams of NaCl and 7 mL of 37% HCl 
with a pH value of 1. 2. 50 mL of media is conditioned at 37°C above the magnetic stirrer at 100 
rpm. SNEDDS is dripped as much as 200 μL into the medium-fast. Visual monitoring was done 
until it becomes nanoemulsion. It is then done by looking at the media solution's transparency. 
Observation of thermodynamic stability (phase of separation) 
The statement of nanoemulsion thermodynamic stability is by centrifugation. A total of 1.5 
mL of nanoemulsion was inserted into the microtube and centrifuged at 3500 rpm for 3 times 10 
minutes. After that, it calculated the SNEDDS separation phase by looking at the separating phase's 
height. 
 
Optimization of SNEDDS formulation of soursop leaves extract 
The best formulation results are then optimized using the D-Optimal method in the State 
Ease Expert 9 Trial Design application with Tween 80 (independent variable), cremophore and 
propylene glycol with transmittance value (dependent variable), then separation phase and 
emulsification time in AGF. The optimal formulation of SNEDDS chloroform extract of soursop 
leaves obtained from optimization using D-Optimal method was tested its physical stability, 
including % transmittance response, phase separation and emulsification time in AGF. The 
optimum formulation prediction was then verified by performing three times SNEDDS 
formulations using the one sample t-test on the SPSS 22 program at a 95% confidence level. If the 
verification results are not significantly different from the predicted results, it means valid, and a p-
value is found to be <0.05. 
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Identification of the compound content in the snedds of soursop leaves extract 
The next process is to evaluate the active compounds of soursop leaves in SNEDDS using 
Thin Layer Chromatography. The stationary phase used is silica gel 60 GF254, and the mobile step 
used is chloroform : ethyl acetate (7: 3). 
Antioxidant activity test using the DPPH reagent 
In this study, the SNEDDS antioxidant activity test of soursop leaves chloroform extract was 
performed using a DPPH reagent. A total of 1.0 mL of samples with various concentrations was 
added with 1.0 mL of DPPH solution (0.4mM) into a 5.0 mL volumetric flask, then added with 
methanol pro analysis until the mark, then homogenized incubated at 37oC during the operational 
time. The absorption was measured at the maximum wavelength using UV-Vis spectrophotometry. 
Then it was estimated and replicated the absorbance three times. It used quercetin with various 
concentration series to compare, which were treated the same as the sample, blank using methanol 
pro analysis (Desmiaty et al., 2015). 
 
Data Analysis 
The proportion of optimum composition of SNEEDS formulation was obtained by D-
Optimal method using Design Expert 9 Trial software. The result of observation was compared 
with prediction by SPSS t-test. 
 
RESULTS AND DISCUSSION 
The purpose of the extract making is to receive a soursop leaves extract used as SNEDDS 
active compound. The initial stage is the sampling of soursop leaves in Karanganyar area. The next 
step was making powder, then doing percolation with chloroform solvent. The results gained were 
thick viscous extract 51,23 gram and yield of 6,4%. The moisture content of chloroform extract of 
soursop leaves was 1.3%. The SNEDDS formulation formation was done using the D-Optimal 
method with the State Ease Expert 9 Trial Design software. The composition used was soursop 
leaves extract as the active substance, cremophore and tween 80 as surfactant, and propylene glycol 
as a co-surfactant. The ratio of upper and lower limits of material composition were 1: 5: 1, that 
was why gained the SNEDDS formulation as in Table 1. The combination of surfactants used was 
tween 80 and cremophores with a ratio of 85% : 15%. The candlenut oil was used because it has 
long-chain triglyceride bonds. It can increase the bioavailability of highly lipophilic drugs by 
stimulating its lymphatic transport (Akula et al., 2014). 
The percent transmittance test was used to find out the clarity of emulsion produced by 
SNEDDS formulation of soursop leaves chloroform extract. Emulsions are said to be nanometers if 
they have a transmitter value above 90% (Costa et al., 2012).  Another parameter says that 
SNEEDS is good if it has an emulsification time under 2 minutes (Nasr et al., 2016).  The 
separation phase is good when F approaches 1 (Cicilia, 2016) .  D-optimum is the method used to 
optimize the proportion of formulation components. The amount of candlenut oil (A), surfactant: 
Tween 80-Croduret (B), and co-surfactant: propylene glycol (C) were selected as independent 
factors. The properties of mixed profiles are determined by the basis of the Bolton equation: Y = α1 
(A) + α2 (B) + α3 (C) + α12 (A) (B) + α13 (A) (C) + Α23 (B) (C) + α123 (A) (B) (C). Y is the 
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Table 1. SNEDDS formulation of chloroform extract from soursop leaves using State-Ease 





Percentage of Oil [A], Surfactant [B] and 
CoSurfactant [C] based on D-Optimal 
Result of SNEDDS Physical Stability 



















1 17.33 65.33 17.33 0.1 62.33 97 0.98 
2 12.00 66.00 22.00 0.1 87.08 67 0.97 
3 22.00 63.00 15.00 0.1 57.58 104 0.98 
4 22.00 66.00 12.00 0.1 78.50 120 0.99 
5 18.00 70.00 12.00 0.1 80.40 113 0.98 
6 22.00 60.00 18.00 0.1 52.93 85 0.97 
7 12.00 70.00 18.00 0.1 91.45 114 0.98 
8 12.00 70.00 18.00 0.1 91.59 102 0.97 
9 18.00 60.00 22.00 0.1 87.15 114 0.98 
10 12.00 66.00 22.00 0.1 91.23 84 0.99 
11 19.67 65.67 14.67 0.1 79.09 84 0.98 
12 18.00 70.00 12.00 0.1 80.43 83 0.97 
13 22.00 60.00 18.00 0.1 91.24 83 0.98 
14 15.00 63.00 22.00 0.1 85.14 100 0.97 
15 18.00 60.00 22.00 0.1 82.41 81 0.98 
16 15.00 70.00 15.00 0.1 86.68 154 0.99 
Description: total weight of SNEDDS system 4 grams. The extract was used 100 mg 
 
 
Table 2. Result of analysis Software Design Expert: physical stability parameters SNEDDS 














Y = -0,81 A + 1.13 B + 1.17C linier 0.0479 
Emulsification 
time (seconds) 
Y= 6063,76 A - 283,206 B + 2974,91 C - 103,21 
AB + 103,1 AC - 52,39 BC + 0,48 ABC - 0,66 AB 
(A-B) - 0,40 AC(A-C) + 0,43 BC(B-C) 
cubic 0.0239 
 
The Analysis of variance (ANOVA) statistical analysis explains that the percent response of 
transmittance with linear model, emulsion time and SNEDDS stability using cubic model. The 
model shows the effect of using oil phase composition, surfactant, and co-surfactant of each 
formulation which should have a significant difference. Lack of fit explains the closeness of the 
observations to the predictions of the software. Lack of fit value should be no significant difference 
between the research observation result with prediction Software (Bolton and Bon, 2003).  Table 2 
shows that there is no significant effect on the mixture of oils, surfactants, and co-surfactants on the 
response parameters of emulsion time and SNEDDS stability. The transmittance response 
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parameters show that the co-surfactant component gives the biggest influence that can increase the 




Figure 1. The counter diagram plot of SNEDDS stability response parameters transmittance [1A], 
emulsification time [1B] 
 
The numbers on the triangle show the oil composition, surfactant, and co-surfactant in the 
model. The top response is shown in the red area, the lower the response is shown in the yellow 
area, and the lowest are in the green and blue area (Figure-1A). The solution chosen is the largest 
value and is close to 0.85 on the superimpose diagram, which means it will produce a formulation 
with optimal characteristics according to the target. The optimum composition proportion of 
candlenut oil, surfactant, and co-surfactant is 12%: 66%: 22%. Table 2 describes the effect of 
components on emulsification time. The interaction factor between components produces a cubic 
model, this means that the interaction between components affects the emulsification time results at 
a more complex level. 
The addition of candlenut oil has been shown to increase the emulsification time, which 
gives a more significant positive value than other interactions. The addition of surfactants has been 
shown to reduce the emulsification time, showing the most significant negative value. The increase 
in oil concentration caused the emulsification time to be longer, while the rise in co-surfactants was 
smaller so that it is not enough to form nanoemulsions in a shorter time (Beg et al., 2013). The little 
oil concentration and the high surfactant concentration cause the viscosity of emulsification time to 
be smaller (Basalious et al., 2010). The figure in the triangle shows the emulsification time 
indicated by the change in the composition of the oil, surfactant, and co-surfactant. Figure 1B 
shows the red area offers the most prolonged emulsification time response due to increased oil and 
co-surfactants. Then the green area shows the middle time, and the shortest time is the blue area. 
The faster the pre-concentration takes to form the emulsion, the better the results. The surfactant 
composition affects the least emulsification response in the blue area. The D-Optimal method 
shows the software's predictive value towards the observed response value given by the optimal 
formulation with a confidence level and a prediction interval of 95%. Based on the results of testing 
the percentage of the transmission response in Table 3, there is no significant difference between 
the emulsification time of the optimum formulation observation and the predictive value given by 
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Table 3. Result of  verification Design Expert prediction value and observation of optimum 









Transmittance (%) 90.58 91 ± 0.15 SE 0.11 
Emulsification time 
(seconds) 
59.44 65.67 ± 1.76 SE 0.072 
 
The next process was to measure the maximum wavelength (λmaks) and DPPH operational 
time of 0.4 mM in pro methanol analysis using UV-Vis spectrophotometry. The highest absorbance 
was shown at a wavelength of 516 nm with a working time of 40 minutes. The linear regression 
equation resulting from the SNEDDS activity of chloroform extract of soursop leaves is y = 
0.1817x + 43.408. From this equation, the IC50 value is obtained, which means that the test 
solution can reduce DPPH by 50% at this concentration. The antioxidant potential of the SNEDDS 
formulation for chloroform extract of soursop leaves was shown by an IC50 value of 36.28 ppm 
(Figure.2). 
Screening phytochemical of soursop leaves chloroform extract using Thin Layer 
Chromatography method. In the phytochemical screening test, a comparison of soursop leaves 
isolates and soursop leaves extract was used to determine the profile of chemical content in 
SNEEDS of soursop leaves extract. According to the research of (Dewangga, 2015) the 
identification of isolated soursop leaves using mobile phase chloroform-ethyl acetate (7: 3) 
generates a purplish red spot observed under 366 nm U.V. light (Figure. 3). The result showed that 
the active compounds in the soursop leaves chloroform extract as same as in the isolates of soursop 
leaves, and the SNEDDS compound was identical with the compounds in the extract.  
 
 
Figure 2. DPPH inhibitory activity SNEDDS formulation for chloroform extract of soursop leaves 
(Annona muricata L.)  
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Figure 3. TLC analysis with mobile phase werw chloroform : ethyl acetate (7: 3) with Silica Gel 60 GF 
254 stationary phase. Observations on visible light [a], UV 254 light [b], and UV 366 light [c]. 
Isolate of soursop leaves [I], soursop leaves chloroform extract [E], optimum formulation of 




The SNEDDS optimization of soursop leaves chloroform extract has SNEDDS composition 
of soursop leaves chloroform extract in 4 grams system that is 0,1 gram soursop leaves extract, 
12% candlenut oil, 22% propylene glycol, mixed tween 80 and cremophor as much as 66%. The 
optimum SNEDDS formulation of chloroform extract of soursop leaves produces stable, 
homogeneous nanoemulsion. It has a transmittance value of 91 ± 0.15 SE and emulsification time 
of 65.67 ± 1.76 SE sec in artificial gastric fluid, and phase separation is close to 1. An IC50 value 
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